Introduction.-The use of electrophoresis as a means of separating male-producing and female-producing spermatozoa in rabbits was first attempted by V. N. Shreder (sometimes spelled "Schr6der") in [1932][1933][1934][1935][1936][1937][1938][1939][1940][1941][1942][1943][1944][1945][1946][1947][1948][1949].1 She observed that the offspring of does artificially inseminated with anode-migrating spermatozoa were predominantly female, while inseminations with cathode spermatozoa produced predominantly male offspring. Shreder proposed, therefore, that anode-migrating sperm cells are X-chromosome-bearing, and cathode-migrating sperm cells are Y-chromosomebearing. Her results show successful prediction of sex, on the basis of the above hypothesis, 80 per cent of the time.
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In 1936, Siljander2 attempted a repetition of Shreder's work and found that while cathode-migrating sperm gave a preponderance of males, anode-migrating sperm produced a sex ratio not significantly different from that of controls. Pilz ' and Kordts,4 in 1952, also attempted to reproduce Shreder's results. Pilz failed to obtain any electrophoretic separation of sperm and therefore did not proceed with artificial insemination. Kordts, while observing very marked separations, was unable to alter the sex ratio significantly by insemination of separated sperm.
The results to be reported here, while differing in some aspects from those of Shreder, lend credence and support to her work.
Methods and Materials.-Ejaculates were obtained from bucks by means of an artificial vagina slightly modified from one suggested by Emmens5 and Macirone and Walton.6 Total ejaculates were diluted 1:20 with a "glycine-Ring Zd2 buffer described by Shreder (1941) and used at a pH of 7.1. This diluted sperm suspension was then introduced into a microelectrophoresis cell, and a potential was applied from a regulated power supply. The current was made high enough to permit fairly rapid electrophoretic migration but low enough to prevent convection currents. Each run was terminated at approximately 40-50 minutes. The cell used was so constructed that only one pole was accessible for the withdrawal of migratory material. By reversal of the current, this one pole could be either the anode or the cathode. One-half to seven-tenths of a milliliter was collected from the one accessible pole and used for insemination as soon as possible.
Ovulation was induced by means of mechanical stimulation, hormonal injection, or by mating the doe to a vasectomized buck just prior to insemination. Insemination was performed after lightly anesthetizing the doe with sodium pentobarbital.
It was desirable to work with newborn offspring because the risk of cannibalism by the female parent was ever present. The sexing of these offspring was complicated by two factors: (a) it is extremely difficult to distinguish the sex of newborn rabbits by the external anatomy; and (b) the determination of the sex by dissection of the newborn offspring was considered unreliable. In order to overcome these difficulties, the first 8 litters were killed during the first or second day after birth. The gonads were dissected out, and each pair was placed in a separate, labeled vial of fixative. The gonads were imbedded, sectioned, stained, and read microscopically to determine the sex. The histological picture is definitive, and the sex of each offspring can be determined with ease.
All the other Jitters were subjected to two sets of "blind" tests conducted in the following way: In the first set, the offspring were killed as soon after birth as possible and the gonads were dissected out and placed in labeled vials of fixative. After several litters of differently predicted sexes were so treated, they were turned over to a coder, together with a list showing what sex was predicted for each litter. The coder would remove one gonad from each vial and place it in a new vial labeled with a code number. These coded vials were then returned for imbedding, sectioning, and staining. After reading the slides, the sex for each code number was recorded, and this information was taken back to the coder, who decoded and compared the results with the predictions. This procedure was used for litters 9-18. The final 13 litters were subjected to an additional procedure, involving dissection. This department's endocrinologist felt that he was familiar enough with the appearance of the embryonic state of the sex accessory organs in the newborn rabbit to attempt sexing by dissection. The blind test was then altered in the following manner: After the offspring of each litter were killed after birth, they were labeled and placed in a deep-freeze. After several litters were so treated, the offspring were removed, coded, and given to the dissector, who based his analyses on whatever differences he could detect in the sex accessory organs and the gonads. The t Actually a litter of 9, but one was so badly cannibalized that the sex could not be determined. migrating Spermatozoa is compared with the sex ratio produced by cathode-migrating spermatozoa. The term "electrophoresis" has been used for the electric transport of solid particles, liquid droplets, or gas bubbles dispersed in a liquid medium. In general, such dispersed matter is electrically charged by virtue of adsorbed ions, and the resulting electrical conductivity is superimposed on electrolytic conductivity, which is also present. The charge on the surface of proteins varies with the particular protein anid the number of free carboxyl and amine groups. This charge on proteins depends, of course, on whether the pH of the solution is higher or lower than the isoelectric point. In the former case, they are negatively charged and may be regarded as negative ions; in the latter case, they are positively charged and may be regarded as positive ions.
From the foregoing, Shreder's ideas concerning the cause of separation have some logic. If one assumes that a population of X-bearing sperm has a distribution of isoelectric points with a mean lower than that of a population of Y-bearing sperm, then it can be seen that, if the solution is buffered at a pH intermediate to the modes of the two distributions, a separation could be expected to occur. However, if the two distributions overlap, then the overlapping area is going to lead to some error in separation, i.e., some sperm cells in that area will migrate in the "wrong" direction. Another possibility exists which does not need this assumption of two overlapping populations. The data seem to indicate that the results are either excellent or not significant at all, which may mean that certain uncontrolled variables are influencing the effectiveness of the electrophoretic separation. Whatever these variables may be, they would have to be at least standardized in order to achieve consistent results. A new cell has been designed which not only will permit withdrawal of both anode-and cathode-migrating spermatozoa during the same run but will allow sampling the extremes of the two populations. Such a technical change should improve the positive results and, barring unforeseen complications, may obviate the need for seeking those variables giving rise to electrophoretic errors.
Why should the X-bearing sperm have a different isoelectric point from the Ybearing sperm? The principal possibility is that the two types of sperm may have two different surface proteins. Preliminary experiments have provided some evidence that the surface membranes have only one protein, but the methods employed for isolation have been rather drastic, so that it is very possible that other proteins may have been destroyed or denatured. It is known that the internal contents of the two types differ, if only in that one has an X-chromosome while the other has a Y-chromosome. Some evidence, obtained in this laboratory from electrophoresis of homogenized separated sperm, indicates that protein differences exist between anode-and cathode-migrating spermatozoa. This difference in protein content could easily account for the migratory differences observed. This brings us to another question concerning the reason for an intermediate point lying as high in the pH range as 7.1. It is, of course, entirely possible that the migration differences found are a reflection not of proteins but of some other substances. On the other hand, it seems that protein surfaces are complex enough so that some behavior cannot be explained with the present knowledge of surface chemistry.
A further complication is the fact that, in an electric field, the spermatozoa migrate tail foremost. Consideration of the influence of shape and orientation makes it reasonable to assume, as do Mudd et al. , that this orientation phenomenon is due to a greater value of electrokinetic (zeta) potential on the surface of the tails than on the heads of the spermatozoa. In support of this point of view is the fact that the head and the tail differ in bulk chemical composition, although this does not necessarily indicate an important difference in surface chemistry' (Marshall"0) When one considers only the geometry of a sperm cell, however, it appears reason9ble that if the charge were the same over the entire surface of the cell, then the VOL. 43, 1957 density of the charge per unit volume would be greatest in the tail region. Thus migration is tail first. The answer may not be this simple, but this reasoning deserves consideration.
Of no less importance is the fact that there is no rigorous proof that we are dealing with electrophoretic separation due to surface charges. Shreder (1941) noted a temperature effect on the direction of migration. At higher temperatures the migration directions reversed. While this effect was not observed in this work, no attempt has yet been made to check it thoroughly. The temperature phenomenon may be an indication that we are, in fact, dealing with charges on materials other than surface proteins. At higher temperatures, the surface membranes, normally acting as electrical insulators, may lose this property and then act as conductors, so that internal particles having charges may be responsible for migration.
In the comparison of the sex ratio produced by anode spermatozoa with that produced by cathode spermatozoa, one is aware of two facts: The first is that the x2 is different in the non-blind-test group from that in the blind-test group; the second is that there is some trend, as the data were accumulated, of the results becoming poorer. Both of these observations could be due to an unfortunate grouping of poor electrophoretic runs. The significance of the work reported here will have to be judged on the basis of the data presented. It appears that the results and analyses have in some measure confirmed the belief that the control of the sex ratio is a real possibility. A final establishment of this work depends, of course, on continued investigations. It is felt that such future investigations with improved equipment and techniques will clarify the mechanisms involved in the processes observed.
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